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abstract 
In the present research, the reaction of the pumping function of the heart (PFH) of disabled athletes to an orthostatic test was studied. Analysis 
of indicators of the pumping function of the heart was carried out in two stages. At the first stage, the PFH indicators of disabled athletes in the 
prone position were investigated. In the second stage, the urgent reaction of the indicators of the pumping function of wheelchair basketball 
players was carried out for 5–20 seconds after an active transition from a prone position to a sitting position. It was revealed that in wheelchair 
basketball players with amputated lower limbs, the difference in heart rate parameters during an orthostatic test was significantly higher than in 
basketball players with atrophy of the lower limbs. Basketball players with amputated lower limbs react to large changes in body position with 
active changes in body position than athletes with atrophied lower limbs.  
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En la presente investigación, se estudió la reacción de la función de bombeo del corazón (PFH) de atletas discapacitados a una prueba 
ortostática. El análisis de los indicadores de la función de bombeo del corazón se realizó en dos etapas. En la primera etapa, se investigaron los 
indicadores de PFH de atletas discapacitados en posición prono. En la segunda etapa, la reacción urgente de los indicadores de la función de 
bombeo de los jugadores de baloncesto en silla de ruedas se llevó a cabo durante 5 a 20 segundos después de una transición activa de una 
posición propensa a una posición sentada. Se reveló que en los jugadores de baloncesto en silla de ruedas con miembros inferiores amputados, 
la diferencia en los parámetros de frecuencia cardíaca durante una prueba ortostática fue significativamente mayor que en los jugadores de 
baloncesto con atrofia de los miembros inferiores. Los jugadores de baloncesto con miembros inferiores amputados reaccionan a grandes 
cambios en la posición del cuerpo con cambios activos en la posición del cuerpo que los atletas con miembros inferiores atrofiados. 
 
Palabras clave: jugadores de baloncesto en silla de ruedas, prueba ortostática activa, frecuencia cardíaca, volumen sistólico, función de 
bombeo del corazón. 
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Introduction 
 
According to the World Health Organization, 
people with disabilities account for about 10% of 
the world's population. The practical experience 
of domestic and foreign specialists shows that the 
most effective method of rehabilitation of the 
disabled is systematic physical culture and sports 
[1,2,4,7,10,12,14,15]. 
Of the few studies that characterize Paralympics 
with lesions of the musculoskeletal system, only a 
few are devoted to basketball in wheelchairs and, 
in general, are only aimed at improving the 
training process. Basketball as a sport discipline 
has its characteristics, which is due to the nature 
of training and fights - the actions are sharply 
high-speed, often interrupted by pauses. Athletes 
with the consequences of injuries or diseases of 
the spinal cord during the performance of 
technical actions are most often used only the 
upper shoulder girdle or tree limbs, depending on 
the level and degree of damage, a limited number 
of muscles of the back and abdomen may also be 
involved [5,6,8,9, 15]. Persons with various 
lesions of the musculoskeletal system have 
different morphofunctional and 
psychophysiological indices, which have not been 
sufficiently investigated. A considerable interest 
among researchers is the study of the patterns of 
change in the pumping function of the heart when 
performing orthostatic tests [2,3,4,10,11,13, 16].  
The idea of using a change in the position of the 
body in space as an input for the study of the 
functional state of the body has been implemented 
in the practice of functional diagnostics for a long 
time. Orthostatic tests play a significant role in the 
hemodynamics of disabled athletes, since 
changing the position of the body in space is 
natural for basketball in wheelchairs. Probably, 
there is no function of the organism whose 
parameters would not change with the active 
transition from a horizontal position to a vertical 
one. This question has been studied by several 
researchers and is currently accumulated in certain 
material. However, changes in the parameters of 
the pumping function of the heart during an active 
transition from a position lying in a position 
sitting at basketball players, wheelchairs remain 
not sufficiently studied. 
The purpose of these studies was to study the 
peculiarities of the change in the pumping 
function of the heart at basketball players-
wheelchairs when performing an orthostatic test. 
Research objectives: 
1. To study the response of the heart rate of 
athletes with disabilities with various injuries to 
the lower extremities, with the active transition 
from the position of lying to the sitting position; 
2. To analyze the peculiarities of the UOC 
changes to the orthostatic test depending on the 
degree of damage to the lower extremities. 
 
Methods of Research 
 
The research was conducted among athletes with 
limited health capabilities of the basketball team 
"Wings of Bars". The total number of athletes 
surveyed was 20. Athletes were conventionally 
divided into two groups. The first group included 
athletes with amputations of the lower extremities 
(9 people). The second group was made up of 11 
people with atrophy of the lower extremities. The 
study of the parameters of the pumping function 
of the heart (PFH) was conducted in two stages. 
At the first stage, the PFH performance indicators 
of disabled athletes were studied in the lying 
position. In the second stage, the study of the 
urgent reaction of indicators of the pumping 
function of basketball players was studied within 
5 to 20 seconds after an active transition from a 
lying position to a sitting position. 
To assess the validity of the differences, the 
standard values of the Student's t-test were used. 
 
Method of Registering a Program 
Among the rheographic methods for determining 
the heart rate, the most widely used method is the 
tetrapolar thoracic rheography of Kubichek [10] in 
various modifications. The non-invasive nature of 
the method, its prostate and its availability for 
practical application make it one of the most 
promising methods for determining the frequency 
of heart rate. 
Electrodes are superimposed according to the 
scheme; Two current electrode: the first - on the 
head in the field of the forehead, the second - on 
the shin above the ankle joint, 2 measuring 
electrodes: the first - in the neck at the level of the 
7th cervical vertebra, the second - in the region of 
the chest at the level of the bladder process. 
In the complex "Rodin-500" the thoracic 
tetrapolar rheography was used as the basic 
medical technique. The main advantages of the 
method are high informativeness, complete safety 
for the patient, the possibility of continuous 
monitoring, etc. Repressure for computer analysis 
RPKA 2 - 01 TU 9442-002-00271802-95 is 
intended for work in the hardware and software 
complexes of medical purposes.  
The device is recommended for use in medical 
practice by the Committee on new medical 
equipment of the Ministry of Health of the 
Russian Federation. (Minutes No. 5 dated June 13, 
2015). Certificate of conformity of ROSS RU. 
0001. 11ІМО2 №3434630. 
The results of their research and their discussion 
For athletes with amputation of the lower limbs, 
the heart rate in the lying position was 77.2 ± 1.4 
(Table 1.). When active from the position of lying 
to the sitting position, the heart rate increased by 
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7.3 ± 1.2 beats/min (P <0.05) compared with the 
baseline data and amounted to 84.5 ± 1.8. The 
heart rate at basketball players with atrophy of the 
lower extremities in the lying position was 71.3 ± 
1.8 beats/min. When active from the position of 
lying to the sitting position increased to 75.7 ± 2.1 
and / minute. The response of the heart rate to the 
change of body position at athletes with atrophy 
of the lower extremities with an active transition 
from the position of lying to the sitting position 
was 4.4 ± 1.6 beats/min (P <0.05). This reaction 
of heart rate reduction to change the body position 
was 2.9 ± 1.3 beats/min less than the response of 
the heart rate to the change of body position in 
athletes with lower limb amputation (P <0.05). 
The reduction in heart rate in the range of 4 to 12 
beats/min, according to scientists, indicates 
reduced tonus of the sympathetic department of 
the autonomic nervous system. 
The impact of blood on athletes with amputation 
of the lower extremities, in the lying position, was 
54.3 ± 1.6 ml (Table 2.). After the active transition 
from the position of lying to the sitting position, 
the shock of blood basketball players and 
wheelchairs decreased to 45.7 ± 1.9 ml (P <0.05). 
Consequently, with the active transition from the 
position of lying to the sitting position, the 
reaction of the impact volume of blood of athletes 
with amputation of the lower extremities was 8.6 
± 1.4 ml (P <0.05). In basketball players with 
lower limb atrophy, the UOC in the lying position 
was 61.8 ± 1.9 ml with an active transition from a 
lying position to a sitting position dropped by 4.3 
± 1.7 ml and amounted to 57.5 ± 2.1 ml, which 
significantly differs from the reaction of systolic 
ejection of athletes with amputation of the lower 
extremities by 4.3 ± 1.6 ml (P <0.05). 
   
Findings 
 
The orthostatic reactions of the body of athletes 
with disabilities are related to the fact that when a 
body position changes (from horizontal to 
vertical), a significant amount of blood is 
deposited in its lower half. As a result, the venous 
return of blood to the heart deteriorates, in this 
connection, in our opinion, the impact volume of 
blood decreases. Compensation for this adverse 
effect is primarily due to the proliferation of 
cardiac contractions. Also, an important role 
belongs to changes in vascular tone. This 
reorganization of central hemodynamics is 
characteristic of both groups of studying disabled 
athletes. The use of orthostatic prophylaxis reveals 
the hyperpsimato-adrenergic type of reaction and 
reflects a significant dissolution of the 
sympathetic department of the autonomic nervous 
system.  
As our studies have shown, heart rate and UOC 
are undergoing major changes in athletes with 
lower limb amputation than athletes with atrophy 
of the lower extremities. The revealed difference 
is, in our opinion, reduced by the volume of 
circulating blood at basketball players, with 
amputated limbs. Changes in the pumping 
function of the heart of athletes with atrophy of 
the lower extremities are more associated with a 
violation of the tropic of the lower extremities, 
which in turn leads to severe violations of venous 
outflow. 
 
Table 1. Changes in heart rate at basketball players – wheelchairs when performing the orthostatic test 
Group of surveyed Heart rate (ud / min) 
Lying down Sitting Difference 
Athletes with amputation of the lower extremities 77,2 
± 1,4 
84,5 
± 1,8 
7,3 
± 1,2 
Athletes with atrophy of the lower extremities 71,3 
± 1,8 
75,7 
± 2,1 
4,4 
± 1,6 
 
Table 2. Changes in UOC at basketball players – wheelchairs when performing the orthostatic test 
Group of surveyed UOC (ml) 
Lying down Sitting Difference 
Athletes with amputation of the lower extremities 54,3 
± 1,6 
45,7 
± 1,9 
8,6 
± 1,4 
Athletes with atrophy of the lower extremities 61,8 
± 1,9 
57,5 
± 2,1 
4,3 
± 1,7 
 
Conclusions 
 
1. In basketball players with amputated lower 
extremities, the difference in heart rates during 
orthostatic testing is significantly higher than that 
of basketball players with atrophy of the lower 
extremities. 
2. Basketball players with amputated lower limbs 
for active body position change react with large 
changes in UOC than athletes with atrophied 
lower limbs. 
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